The gall stones of Western man are usually composed predominantly of cholesterol with small amounts of other components, such as calcium salts and bile pigment.1 2 Some gall stones, however, have a low cholesterol content (less than 25% by weight), and are termed pigment stones.3 The incidence of pigment stones has been generally accepted as around 10% of the gall-stone population,3 but recent studies indicate that approximately 30% of gall-stone patients in the USA have pigment stones. 4 With the advent of chenodeoxycholic acid therapy for the dissolution of cholesterol gall stones,-7 it is important to clarify the incidence of cholesterol vs pigment gall-stone disease as a starting point to determine the number of patients who could potentially benefit from this new treatment. In this study we analysed gall-bladder stones collected at cholecystectomy from a large series of patients for cholesterol and calcium. As well as gaining information on the chemical properties of gall stones in South Australia, we recorded some physical properties such as stone size and total stone mass, and stone radiolucency or radio-opacity, after radiological examination before cholecystectomy. All these factors are known to be of great importance in determining the outcome of dissolution treatment. From this information, an estimate has been made of the percentage of patients presenting to a general hospital in South Australia who could potentially be offered dissolution rather than surgical treatment for their gall-stone disease.
Methods

ANALYSIS OF GALL STONES
Gall-bladder stones were present in 387 cholecystectomies performed at Flinders Medical Centre over a period of 30 months. The stones were sent to the laboratory from 356 patients (92%), where they were washed with water, dried, weighed, and the diameter of the largest stone measured. Total stone cholesterol and calcium (% by weight) was determined as previously described8 after grinding several stones, or half a stone when only one was present, to a fine powder with a mortar and pestle. 11
Stone radiolucency and gall-bladder function were determined by plain radiograph and oral cholecystography before cholecystectomy. 
Results
CHEMICAL CHARACTERISTICS OF GALL STONES
Gall stones were divided into three groups according to their cholesterol content. These three groups were (1) high cholesterol (greater than 80% by weight); (2) medium cholesterol (between 25 and 80%); and (3) low cholesterol or pigment (less than 25%). As seen in Table 1 , by this classification, high cholesterol stones were present in 75% of all patients, while stones of medium and low cholesterol content were found in 13 and 12% of patients respectively. The low cholesterol stones had the typical appearance of pigment stones,3 and were usually small and multiple, irregular in shape, and were black to brown in colour. In four patients, two morphologically distinct types of stones were present in the gall bladder. Chemical analysis of these stones confirmed that they were markedly different in both cholesterol and calcium content.
Two patients had high cholesterol plus pigment stones; one patient had high and medium cholesterol stones; and one patient had medium cholesterol and pigment stones. The stones of these four patients were excluded from further analysis in this study.
The calcium content was examined in each of the three groups, and was significantly higher (p<0.001) in the medium and low cholesterol groups than in (Table 1) . In each group, there was neither a significant difference in the calcium content of stones between males and females, nor was there any relationship between the age of the patients at cholecystectomy and the calcium content of their stones.
PHYSICAL CHARACTERISTICS OF GALL STONES
The diameter of the largest stone present in the gall bladders of the 352 gall-stone patients was measured in the laboratory, and is shown in Fig. 1 . Over one-third of the patients (39%) had at least one stone greater than 1-5 cm in diameter, and large stones were found in 44% of the patients in the high cholesterol group. In contrast, small stones 1*5 cm or less in diameter were found in 95% of patients with low cholesterol stones. Most patients (82%) had multiple stones as opposed to a solitary stone, and there was no significant difference in the proportion of patients with multiple stones in the groups of different stone cholesterol content. In the high cholesterol group, the total mass of the stones and the diameter of the largest stone increased with the age of the patient (Table 2 ). These increases were highly significant (p<O.OOl) when comparing patients less than 40 with patients greater than 60 years of age. similar for patients with gall stones of different cholesterol content, the median age for patients with low cholesterol stones was significantly greater (p<0.001) than the high cholesterol group (Table  3) . The sex ratio was also different. Low cholesterol (pigment) stones were almost equally distributed among males and females (Table 3) , while high cholesterol stones were more frequently found among females, especially in the age range from 20 to 40 years, where the sex ratio approached 4:1 (Fig.   3) .
The body mass index (weight/height2) as a measure of obesity was not significantly greater in the high cholesterol stone group (median 25.1, range 18.0-48-9) than in the low cholesterol stone group (median 24.5, range 17.3-31.2).
Discussion
The chemical composition of gall-bladder stones in South Australia is such that stones rich in cholesterol are very common, with 75% of all patients having stones containing over 80% cholesterol by weight. On the other hand, pigment stones (defined as containing less than 25% cholesterol) are relatively rare. The incidence of 12% is considerably lower than in the USA where it has been reported that 27% of all stones are pigment in type.
Some other features of pigment stone epidemiology which contrast markedly with features for cholesterol stones have been confirmed in this study. They are the appearance of symptoms from pigment stones later in life than for cholesterol stones (as judged by presentation for cholecystectomy) and the almost equal distribution among men and women. For cholesterol stones, the overall female to male sex ratio was 2-1, and in the less than 40 years age group, the ratio was even higher at 3.5. This is consistent with suggestions that female sex hormones, and in particular oral contraceptives, are predisposing factors for cholesterol gall-stone formation. 10 Although obesity is also thought to be a While conducting this survey of the properties of gall-bladder stones collected at cholecystectomy, 19 additional gall-stone patients with radiolucent stones in a functioning gall bladder were treated with chenodeoxycholic acid instead of undergoing surgery. Only 14 of these patients, however, had stones 1.5 cm or less in diameter. The percentage of patients who presented to our hospital over the 30 month period of this study and were suitable for dissolution therapy should therefore be corrected to (63+14)/(387+19) or 19%. If the criterion of stone size is made more stringent so that only patients with stones 1 cm or less in diameter are acceptable, then 1% of the patients in this study would have been suitable for dissolution treatment. Although large stones can occasionally be dissolved, the efficacy of gall-stone dissolution is related to stone size,57 and stones larger than 1 cm in diameter may take two years or more to dissolve. Such a long and expensive course of treatment will be unacceptable to many patients.
We conclude that the overall impact of chenodeoxycholic acid on the treatment of gall-stone disease in Australia will be small. Less than 19% of gall-stone patients presenting to hospital have functioning gall bladders which contain stones that exhibit the physical and chemical characteristics required for successful dissolution treatment with this bile acid. When other patient-related factors are taken into account, we estimate that, in practice, no more than 10% of gall-stone patients presenting to our hospital could have their gall stones completely dissolved by chenodeoxycholic acid treatment. 
